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© Transmission lubricant temperature/viscosity determination method/apparatus. 



control method/system for sensing cold 
temperature/high viscosity conditions of a transmis- 
sion lubricant sump (78) in an automated mechanical 
transmission system (10) without requiring a dedi- 
cated temperature sensor and the required CPU 
input port and input signal processing capacity asso- 
ciated therewith is provided. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a method and 
apparatus for determining the temperature and/or 
viscosity of transmission lubricant. In particular, the 
present invention relates to a method/apparatus, 
preferably at system start-up, without requiring a 
temperature probe, to determine the temperature 
and/or viscosity of lubricant in a transmission lubri- 
cant sump of a fully or partially automated trans- 
mission system. 

Description of the Prior Art 

Change gear mechanical transmissions (i.e. 
transmissions shifted by engaging and disengaging 
selected jaw clutches), both synchronized and non- 
synchronized, which operate with all or many of the 
gears submerged in a lubricant sump are well 
known in the prior art. Examples of such transmis- 
sions may be seen by reference to U.S. Patents 
Nos. 4,497,396; 3,221,851; 4,754,665 and 
4,735,109, the disclosures of which are hereby 
incorporated by reference. 

Automatic and partially automatic mechanical 
transmission systems wherein the operation of me- 
chanical transmissions is at least partially auto- 
mated, usually by means of sensors providing in- 
put signals to a central control unit (usually micro- 
processor based) which processes the signals in 
accordance with predetermined logic rules to issue 
command output signals to actuators, are also well 
known in the prior art as may be seen by reference 
to U.S. Patents Nos. 4,676,115; 4,361,060; 
4,527,447; 4,576,065 and 4,595,986, the disclo- 
sures of which are hereby incorporated by refer- 
ence. 

It is known that in extremely cold weather 
situations, until the vehicle has been warmed up, 
the very high viscosity of transmission lubricant 
due to initial low temperature thereof alters the 
manner in which the transmission should be op- 
erated. For example, in an automated synchronized 
transmission, the increased drag on the gearing 
caused by high lubricant viscosity often makes 
downshifts difficult or impossible to complete 
and/or undesirably time-consuming, unless the 
manner and sequence by which the shift is com- 
manded is altered. Examples of transmission sys- 
tems wherein transmission lubricant temperature is 
a control input may be seen by reference to United 
States Patents Nos. 4,566,354; 4,572,029 and 
4,799,489, the disclosures of which are hereby 
incorporated by reference. 

The prior art automated transmission systems 
having lubricant sump temperature inputs were not 



totally satisfactory as a separate temperature probe 
or sensor, submerged in or adjacent to the lubri- 
cant sump was required. Aside from the added 
device, connector, and assembly cost, complexity 
5 and increased probability of a failure, an added 
dedicated sump temperature sensor also requires a 
dedicated CPU input port and add CPU dedicated 
input processing capacity. 

10 SUMMARY OF THE INVENTION 

In accordance with the present invention, the 
drawbacks of the prior art have been minimized or 
overcome by providing a method/apparatus for 

rs sensing transmission lubricant sump 
temperature/viscosity, or at least 

temperature/viscosity above or below a predeter- 
mined reference value, in an automated mechanical 
transmission system having at least one shaft 

20 speed sensor. 

Typically, an automatic mechanical transmis- 
sion system will have a CPU for receiving input 
signals from an input shaft and an output shaft 
speed sensor and will have engine, master clutch 

25 and transmission shifting mechanism actuators 
controlled by command output signals issued by 
the CPU. During appropriate times, such as during 
vehicle start-up when cold highly viscous lubricant 
is most likely, the transmission is shifted to or 

30 confirmed as in neutral, the input shaft is caused to 
rotate at at least a given rotational speed, the 
master clutch is disengaged and deceleration of 
the shaft is sensed/calculated. For a given trans- 
mission using a specified grade of transmission 

35 lubricant, the deceleration rate of the shaft is an 
accurate indication of sump temperature, or at least 
of "cold" or "not cold" conditions. 

Accordingly, a method/apparatus for accurately 
determining transmission lubricant 

40 temperature/viscosity in an automated mechanical 
transmission system is provided which requires no 
additional dedicated sensors, CPU input ports or 
CPU input signal processing capacity. 

This and other objects and advantages of the 

45 present invention will become apparent from a 
reading of the detailed description of the preferred 
embodiment taken in connection with the attached 
drawings. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic illustration of an auto- 
mated mechanical transmission system of the type 
particularly well suited to be controlled by the 
55 method/apparatus of the present invention. 

Figure 2 is a partial elevational view, in cross- 
section, illustrating a typical synchronized change 
gear transmission utilizing a lubricant sump in a 
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splash type lubrication system. 

Figure 3 is a graphical representation of the 
relationship between monitored input shaft decel- 
eration and lubricant sump temperature empirically 
determined for a particular transmission utilizing a 5 
particular specification of transmission lubricant. 

Figure 4 is a graphical representation, in flow 
chart format, of the control methods/apparatus of 
the present invention. 

70 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

Certain terminology will be used in the follow- 
ing description for convenience and reference only 15 
and will not be limiting. The words "upwardly", 
"downwardly", "rightwardly" and " leftward I y" will 
designate directions in the drawings to which refer- 
ence is made. The words "inwardly", and 
"outwardly", refer to directions towards and away 20 
from, respectively, the geometric center of the de- 
vice and designated parts thereof. The above ap- 
plies to the words above specifically mentioned, 
derivatives thereof and words of similar import. 

Figure 1 schematically illustrates a vehicular 25 
automated mechanical transmission system 10 in- 
cluding an automated multi-speed change gear 
transmission 12 driven by a fuel controlled engine 
14, such as a well-known diesel engine, through a 
coupling such as master friction clutch 16. The 30 
output of automated transmission 12 is output shaft 
18 which is adapted for driving connection to an 
appropriate vehicle component such as the dif- 
ferential of a drive axle, a transfer case, or the like, 
as is weN known in the prior art. 35 

The crank shaft 20 of engine 14 will drive the 
driving plates 22 of master friction clutch 16 which 
are Irictionally engageable to driven plates 24 for 
driving the input shaft 26 of transmission 12. 

The above-mentioned power train components 40 
are acted upon and/or monitored by several de- 
vices, each of which will be discussed briefly be- 
low. These devices will include a throttle pedal 
position or throttle opening monitor assembly 28 
which senses the operator set position of the oper- 45 
ator controlled throttle device 30, a fuel control 
device 32 for controlling the amount of fuel to be 
supplied to engine 14, and engine speed sensor 34 
which senses the rotational speed of the engine, a 
clutch operator 36 which engages and disengages 50 
master clutch 16 and which may also provide in- 
formation as to the status of the clutch, an input 
shaft speed sensor 38 for sensing the rotational 
speed of transmission input shaft 26, a transmis- 
sion operator 40 which is effective to shift the 55 
transmission 12 into a selected gear ratio and to 
provide a signal indicative of the gear neutral con- 
dition and/or the currently engaged gear ratio, and 
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an output shaft speed sensor 42 for sensing the 
rotational speed of the output shaft 1 8. 

The above-mentioned devices supply informa- 
tion to and/or accept commands from the central 
processing unit or control 44. The central process- 
ing unit 44 may include analog and/or digital elec- 
tronic calculation and logic circuitry as is known in 
the prior art. The central processing unit 44 will 
also receive information from a shift control assem- 
bly 46 by which the vehicle operator may select a 
reverse (R) neutral (N) or forward drive (D) mode of 
operation of the vehicle. An electrical power source 
(not shown) and/or a source of pressurized fluid 
(not shown) provides electrical and/or pneumatic 
power to the various sensing, operating and/or pro- 
cessing units. 

Drive train components and controls therefor of 
the type described above are known in the prior art 
and may be appreciated in greater detail by refer- 
ence to above-mentioned U.S. Patents Nos. 
4,959,986; 4,576,065; 4,445,393. The sensors 28, 
34, 36, 38, 42 and 46 may be of any known type of 
construction for generating analog or digital signals 
proportional to the parameter monitored thereby. 
Similarly, operators 32, 36 and 40 may be of any 
known electric pneumatic or electro-pneumatic 
type for executing operations in response to com- 
mand output signals from the central processing 
unit 44. 

In addition to direct inputs, the central process- 
ing unit 44 may be provided with circuitry for 
differentiating the input signal from at least sensor 
38 to provide a calculated signal indicative of the 
acceleration and/or deceleration of the transmission 
input shaft 26. The CPU 44 may also be provided 
with circuitry and/or logic rules to compare the 
input signals of sensors 38 and 42 to verify and 
identify that the transmission 12 is engaged in a 
particular gear ratio, etc. 

Figure 2 is a cross-sectional view of a typical 
synchronized change gear transmission 12 of the 
type automated in automated mechanical transmis- 
sion system 10. Briefly, the transmission 12 in- 
cludes a transmission housing 48 which will typi- 
cally support the transmission input shaft 26, the 
transmission output shaft 18 and a transmission 
countershaft 50. A selected one of the drive gears 
52, 54, 56, 58, or 59 or input gear 60 may be 
coupled to the output shaft 18 by means of the 
synchronized jaw clutch assemblies 61 to provide 
the selected forward drive ratio while reverse gear 
62 may be selectably coupled to the output shaft 
18 to provide reverse operation. The input gear 60, 
which is coupled to the input shaft 26, is constantly 
engaged with a countershaft drive gear 64 for rotat- 
ing countershaft 50 and the countershaft gears 66, 
68, 70, 72, 73 and idler gear 74, all of which gears 
are in constant mesh with the drive gears. Accord- 
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ingly, rotation of input shaft 26 will resolve in rota- 
tion of all of the countershaft and drive gears 
therewith. 

Line 78 indicates the level to which the trans- 
mission sump is normally filled with transmission 
lubricant (at the normal 3° installation angle in a 
vehicle). Accordingly, the countershaft gears, and 
some of the low speed drive gears, are constantly 
turning within the lubricant sump. 

In extremely cold weather start-up conditions, 
i.e. when the transmission lubricant is at a relatively 
high viscosity, the extremely high resistance to 
rotation of the drive gears 52, 54, 56, 58 and 59 will 
make downshifting of the transmission an extreme- 
ly difficult and/or time consuming operation which 
may require modification of the predetermined log- 
ic rules by which CPU 44 processes input signals 
to generate command output signals to the various 
system actuators. Accordingly, it is desirable to 
provide a means by which the CPU can determine 
the temperature/viscosity of the transmission lubri- 
cant sump. Determining the temperature/viscosity 
of the lubricant sump is particularly desirable at 
system start-up conditions when the action of the 
gearing churning in the sump has not yet had a 
chance to raise the temperature and lower the 
viscosity thereof. 

In accordance with the present invention, a 
control method/control apparatus allowing determi- 
nation of the transmission lubricant sump 
temperature/viscosity or at least a determination if 
lubricant sump temperature/viscosity is greater or 
less than predetermined reference value, has been 
devised which requires no additional sensors, nor 
additional CPU input ports nor additional CPU input 
signal processing capacity. The above method or 
procedure is preferably performed as a part of the 
system start up or initiation procedure. The master 
clutch 16 is disengaged, the transmission 12 is 
shifted to and verified as being in neutral, the 
master clutch 16 is re-engaged, and the engine 14 
is fueled until the input shaft is sensed as rotating 
at at least a predetermined minimum rotational 
speed. Preferably, this predetermined speed is in 

the range of rpm to rpm. The master 

clutch is then disengaged and the engine is de- 
fueled. The CPU will then sense or calculate the 
deceleration rate (dIS/dt) of the input shaft 26. The 
measured or calculated deceleration of the input 
shaft is then compared to a reference value, and, if 
the deceleration rate exceeds a reference decelera- 
tion rate, i.e. if dIS/dt is less than the reference this 
is taken as an indication that the lubricant sump 
temperature is below a predetermined value and it 
is required that cold weather logic routines be 
utilized. Accordingly, the CPU will adapt cold 
weather logic. 

The cold weather logic shift routines/shift se- 
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quences will be utilized until either the above pro- 
cedure is again implemented and indicates that the 
lubricant sump temperature is greater than the pre- 
determined minimum reference value or until the 

5 passage of a predetermined period of time. The 
period of time T is selected to assure that contin- 
ued vehicle operation including churning of the 
gearing through the lubricant sump has had suffi- 
cient time to raise the temperature of the sump 

w above the predetermined minimum value. The pe- 
riod of time selected may also be variable with the 
sensed value of deceleration of the input shaft. 

Referring to Figure 3, it may be seen that for a 
particular transmission structure utilizing a particu- 

75 lar type of transmission lubricant, it is possible to 
determine by empirical means a very accurate 
correlation between transmission input shaft decel- 
eration and transmission lubricant sump tempera- 
ture, at least below a predetermined temperature. 

20 Accordingly, it may be seen that a new and 

improved transmission control procedure/apparatus 
is provided which allows determination of the 
temperature/viscosity of the transmission lubricant 
sump, or at least determination of "cold'V'not cold" 

25 conditions of the transmission lubricant sump with- 
out requiring additional dedicated sensors, nor 
dedicated sensor input terminals nor input signal 
processing capacity. 

Although the present invention has been de- 

30 scribed with a certain degree of particularity, it is 
understood that various modifications are possible 
without departing from the spirit and the scope of 
the invention as hereinafter claimed. 

35 Claims 

1. A control method for sensing transmission lu- 
bricant sump viscosity above a preselected 
value in a vehicular automated mechanical 

40 transmission system (10) comprising a throttle 

controlled engine (14), a mechanical change 
gear transmission (12) having a plurality of 
gear ratio combinations selectively engageable 
between a transmission input shaft (26) and 

45 output shaft (18), said transmission including a 

lubricant sump (70) in which a plurality of 
gears constantly drivingly engaged to said in- 
put shaft (64, 66, 68, 70, 72, 73) are at least 
partially submerged, and a selectively en- 

50 gageable and disengageable master friction 

clutch (16) drivingly interposed said engine 
and said transmission, said automated me- 
chanical transmission system additionally com- 
prising an information processing unit (44) hav- 

55 ing means for receiving a plurality of input 

signals including an input signal indicative of 
rotational speed of said transmission input 
shaft (38) and means for processing said input 
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signals In accordance with predetermined logic 
rules tor generating command output signals 
whereby said transmission system is operated 
in accordance with said logic rules, and means 
(32, 36, 40) associated with said transmission 
system effective to actuate said transmission 
system to effect engagement and disengage- 
ment of selected ones of said gear ratio com- 
binations in response to said output signals 
from said processing unit, the method char- 
acterized by; 

causing the transmission to be shifted to 
neutral, then causing the rotational speed of 
the input shaft (IS) to be equal to or greater 
than a predetermined reference value (REF 1); 

then, while maintaining the transmission in 
neutral, disengaging the clutch and determin- 
ing the value of a time derivative (dIS/dt) of the 
rotational speed of the input shaft; and 

comparing said value of the time derivative 
of the rotational speed of the input shaft to a 
second reference value (REF 2). 

The control method of claim 1 wherein said 
logic routine is only performed during start up 
of said automated mechanical transmission 
system. 

The control method of claims 1 or 2 wherein 
said time derivative is the first derivative with 
respect to time. 

The control method of claims 1 or 2 wherein 
said second reference value is a value empiri- 
cally determined for a known combination of 
transmission structure and rating of transmis- 
sion lubricant. 

A control method for sensing and responding 
to transmission lubricant sump viscosity above 
a preselected value in a vehicular automated 
mechanical transmission system (10) compris- 
ing a throttle controlled engine (14), a me- 
chanical change gear transmission" (12) having 
a plurality of gear ratio combinations selec- 
tively engageable between a transmission in- 
put shaft (26) and output shaft (18), said trans- 
mission including a lubricant sump (70) in 
which a plurality of gears constantly drivingly 
engaged to said input shaft (64, 66, 68, 70, 72, 
73) are at least partially submerged, and a 
selectively engageable and disengageable 
master friction clutch (16) drivingly interposed 
said engine and said transmission, said auto- 
mated mechanical transmission system addi- 
tionally comprising an information processing 
unit (44) having means for receiving a plurality 
of input signals including an input signal indi- 
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cative of rotational speed of said transmission 
input shaft (38) and means for processing said 
input signals in accordance with predetermined 
logic rules for generating command output sig- 
nals whereby said transmission system is op- 
erated in accordance with said logic rules, and 
means (32, 36, 40) associated with said trans- 
mission system effective to actuate said trans- 
mission system to effect engagement and dis- 
engagement of selected ones of said gear ratio 
combinations in response to said output sig- 
nals from said processing unit, the method 
characterized by; 

providing alternate high viscosity and non- 
high viscosity logic rules for said processing 
unit; 

causing the transmission to be shifted to 
neutral, then causing the rotational speed of 
the input shaft (IS) to be equal to or greater 
than a predetermined reference value (REF 1); 

then, while maintaining the transmission in 
neutral, disengaging the clutch and determin- 
ing the value of a time derivative (dlS/dt) of the 
rotational speed of the input shaft; and 

comparing said value of the time derivative 
of the rotational speed of the input shaft to a 
second reference value (REF 2) and, 

The control method of claim 5 comprising the 
additional step of; after implementation of said 
high viscosity logic rules for a predetermined 
period of time (T), automatically reverting back 
to non-high viscosity logic rules. 

The control method of claim 6 wherein said 
time (T) is variable as a function of the value of 
said first time derivative. 

The control method of claims 5, 6 or 7 wherein 
said change gear transmission is a synchro- 
nized change gear transmission. 

The control method of claims 5, 6 or 7 wherein 
said logic routine is only performed during 
start up of said automated mechanical trans- 
mission system. 

The control method of claims 5, 6 or 7 wherein 
said time derivative is the first derivative with 
respect to time. 



11. The control method of claims 5, 6 or 7 wherein 
said second reference value is a value empiri- 
cally determined for a known combination of 
transmission structure and rating of transmis- 
sion lubricant 
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transmission lubricant sump viscosity above a 
preselected value in a vehicular automated 
mechanical transmission system (10) compris- 
ing a throttle controlled engine (14), a me- 
chanical change gear transmission (12) having 
a plurality of gear ratio combinations selec- 
tively engageable between a transmission in- 
put shaft (26) and output shaft (1 8), said trans- 
mission including a lubricant sump (70) in 
which a plurality of gears constantly drivingly 
engaged to said input shaft (64, 66, 68, 70, 72, 
73) are at least partially submerged, and a 
selectively engageable and disengageable 
master friction clutch (16) drivingly interposed 
said engine and said transmission, said auto- 
mated mechanical transmission system addi- 
tionally comprising an information processing 
unit (44) having means for receiving a plurality 
of input signals including an input signal indi- 
cative of rotational speed of said transmission 
input shaft (38) and means for processing said 
input signals in accordance with predetermined 
logic rules for generating command output sig- 
nals whereby said transmission system is op- 
" erated in accordance with said logic rules, and 
means (32, 36, 40) associated with said trans- 
mission system effective to actuate said trans- 
mission system to effect engagement and dis- 
engagement of selected ones of said gear ratio 
combinations in response to said output sig- 
nals from said processing unit, the system 
characterized by; 

means defining alternate high viscosity 
and non-high viscosity logic rules for said pro- 
cessing unit; 

means for causing the transmission to be 
shifted to neutral, then causing the rotational 
speed of the input shaft (IS) to be equal to or 
greater than a predetermined reference value 
(REF 1); 

means for then, while maintaining the 
transmission in neutral, disengaging the clutch 
and determining the value of a time derivative 
(dIS/dt) of the rotational speed of the input 
shaft; and 

means for comparing said value of the 
time derivative of the rotational speed of the 
input shaft to a second reference value (REF 
2) and, 

means effective if said value of said time 
derivative exceeds said reference value, for 
utilizing non-high viscosity logic rules and, if 
said value of said time derivative is less than 
said second reference value, for implementing 
high viscosity logic rules for control of said 
transmission. 
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comprising means effective after implementa- 
tion of said high viscosity logic rules for a 
predetermined period of time (T), for automati- 
cally reverting back to non-high viscosity logic 
rules. 

14. The control system of claim 13 wherein said 
time (T) is variable as a function of the value of 
said first time derivative. 

15. The control system of claims 12, 13 or 14 
wherein said change gear transmission is a 
synchronized change gear transmission. 

16. The control system of claims 12, 13 or 14 
wherein said system is only utilized during 
start up of said automated mechanical trans- 
mission system. 

17. The control system of claims 12, 13 or 14 
wherein said time derivative is the first deriva- 
tive with respect to time. 

18. The control method of claims 12, 13 or 14 
wherein said second reference value is a value 
empirically determined for a known combina- 
tion of transmission structure and rating of 
transmission lubricant. 



13. The control system of claim 12 additionally 
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